Although supplement use is prevalent in North America, there is little information on how supplements affect the prevalence of nutrient adequacy or risk of intakes greater than the tolerable upper intake level (UL). The objectives of this study were to compare the prevalence of nutrient adequacy and percent of intakes greater than the UL from diet alone between supplement users and nonusers and determine the contribution of supplements to nutrient intakes. Dietary intakes (24-h recall) and supplement use (previous 30 d) from respondents $1 y in the Canadian Community Health Survey 2.2 (n = 34,381) were used to estimate the prevalence of nutrient adequacy and intakes greater than the UL. Software for Intake Distribution Evaluation was used to estimate usual intakes. The prevalence of nutrient adequacy from diet alone was not significantly higher among supplement users than nonusers for any nutrient. Based on diet alone, children 1-13 y had a low prevalence of nutrient adequacy (,30%) except for vitamin D and calcium. Among respondents $14 y, inadequacies of vitamins A and D, calcium, and magnesium were .30%. For other nutrients, there was a low prevalence of nutrient adequacy. There were no nutrient intakes greater than the UL from diet alone, except zinc in children. When supplements were included, $10% of users in some age/sex groups had intakes of vitamins A and C, niacin, folic acid, iron, zinc, and magnesium greater than the UL, reaching .80% for vitamin A and niacin in children. In conclusion, from diet alone, the prevalence of nutrient adequacy was low for most nutrients except for calcium, magnesium, and vitamins A and D. For most nutrients, supplement users were not at greater risk of inadequacy than nonusers; supplement use sometimes led to intakes greater than the UL.
Introduction
The consumption of dietary supplements is on the rise in North America (1) (2) (3) (4) (5) and elsewhere (6) , with consumers citing several reasons for their use, most notably to improve and maintain health (7) . These trends are in contrast to population-based dietary guidance; the American Dietary Association, e.g., recommends obtaining adequate nutrients by consuming a wide variety of foods rather than supplements (8) .
Using nationally representative data from the CCHS 7 2.2, Guo et al. (9) reported that 41% of Canadian adults use vitamin/ mineral supplements and that supplement use was more prevalent among individuals with healthier lifestyles and favorable socio-demographic backgrounds. Specifically, they reported that sex, fruit and vegetable consumption, physical activity, education, and income were important determinants of supplement consumption (9) . In the United States, the prevalence of dietary supplement consumption since 1999 appears to be similar to that in Canada, with estimates ranging from 32 to 57% (2) (3) (4) (5) 8, (10) (11) (12) . Investigators from the United States have shown that based on diet alone, either there are no differences in nutrient intakes between users and nonusers or users have better intakes and lower prevalence of nutrient inadequacies (13) (14) (15) (16) (17) . However, there are no population-based studies in Canada that investigate whether or not supplement users, based on diet alone, actually have a higher prevalence of nutrient inadequacies compared to nonusers.
In Canada, where the composition of dietary supplements is regulated under Health Canada's Natural Health Product Directorate, the maximum amount of a nutrient permitted in a nonprescription supplement is set at the UL for that nutrient (18) , defined as the highest intake of a nutrient thought to pose no adverse health effects (19) . In the United States, where supplements are regulated under the FDA, there is no limit to the maximum permitted (20) . Therefore, if a supplement contains nutrients at or close to the UL, when diet is also taken into consideration, users of that supplement will likely have intakes greater than the UL. Thus, there are very real concerns that supplement use can lead to potentially excessive intakes as has been previously demonstrated in the United States (10, 15, 21, 22) . In Canada, we have established the potential for excessive folic acid intakes with supplement use (23), but there is no research to our knowledge examining risks of excess for other nutrients.
Using the newly released nutrient intake from supplements from the CCHS 2.2, the main objectives of this study were to compare the prevalence of nutrient inadequacy and the percentage of intakes greater than the UL from diet alone between supplement users and nonusers in Canada and to determine the effect of supplement use on the prevalence of inadequacy and percentage of intakes greater than the UL.
Methods
Data source and participants. We used data from the CCHS 2.2 survey, a nationally representative, cross-sectional survey conducted in 2004 with 35,107 respondents (24) . These data were collected by Statistics Canada and these analyses were conducted under the premises of the ethical approval provided by the authority of the Statistics Act of Canada (24) . The response rate for the survey was 76.5% and study weights were recalculated to be based on respondents only. The CCHS 2.2 contains a general health component and a nutrition component (24-h recall), which represents Canada's first nationally representative dietary intake data collection in .30 y. The analyses in this paper included all nonpregnant, nonlactating respondents $1 y old and were stratified by sex and age groups as defined in the Institute of Medicine's DRI (25) . For children 1-6 y, a parent or guardian was interviewed on behalf of the child, whereas children 6-11 y participated in the interview process along with a parent or guardian (24) . All respondents $12 y completed the interview for themselves (24) . The final analyses included 34,381 participants.
Dietary and supplement intake data collection. Dietary intake data were collected using a modified version of the USDA's Automated Multiple Pass Method for 24-h dietary recall (24, 26) . All respondents completed one 24-h recall in person with a trained interviewer, and, to estimate within-individual variation for the entire population, a subset of 10,786 (10,570 in our sample) respondents completed a second 24-h recall 3-10 d later via telephone interview. The nutrient composition of foods was based on the Canadian Nutrient File version 2001b (27) , which, in turn, was primarily derived from the USDA Nutrient Database for Standard Reference 13 (28) . Supplement consumption data were collected as part of the general health component of the CCHS 2.2 during the first interview. Respondents were classified as an overall vitamin/mineral supplement user if they answered "yes" to the following question: "In the past 30 d, did you take vitamin/minerals?" Respondents were then asked specific details on the type and frequency of supplement consumption and presented the supplement container to the interviewer for examination. In cases where the exact formulation of the supplement could not be determined (,1%), a set of default values based on the most commonly reported supplement in that class of supplements was used to represent the nutrient composition of the unknown supplement (24) . For each nutrient, the average supplemental amount consumed daily was then calculated for each respondent and reported in the CCHS 2.2 data files. Because supplement use was calculated as daily intake, for analyses that included supplements, nutrient contribution from supplements was added to dietary intake data on both days among respondents who completed a second 24-h recall.
For individual nutrients, respondents were classified as "users" for a particular nutrient if they consumed a supplement containing that nutrient; those who did not consume a particular nutrient in supplemental form were classified as nonusers of that nutrient, even if they consumed a supplement containing other nutrients. A MVM was defined as any supplement containing $3 vitamins and/or minerals. Henceforth, in this article, the term supplement will refer to any vitamin or mineral supplement, and MVM will refer specifically to any multi-vitamin/ mineral supplement.
Nutrients included in the analyses. The prevalence of inadequacy was estimated as the proportion of respondents, stratified by age and sex group, with usual nutrient intakes below the EAR (the EAR cut-point method) (19) for each nutrient for which the EAR has been defined and a prevalence of inadequacy .10% was observed in at least one age/sex group among all CCHS 2.2 respondents (29) . The nutrients that met these criteria and therefore were analyzed for prevalence of inadequacy were folate, vitamins A, C, B-6, B-12, and D, and the minerals phosphorus, calcium, magnesium, and zinc. Although data were available in the CCHS 2.2 for niacin, riboflavin, and thiamin, the prevalence of inadequacy was close to zero for most age/sex groups and hence these nutrients were not included in our estimation of prevalence of inadequacy (29) . Iron was not included in the analyses, because there was a low prevalence of inadequacy among all groups except women of childbearing age (29) , and among these women, the EAR cut-point method could not be used because the distribution of requirements is not symmetrical (19) .
Folate was reported in dietary folate equivalents and based on the following calculation: dietary folate equivalent = mg food folate + (mg food folic acid 3 1.7) + (mg supplemental folic acid 3 2) (30). A larger conversion factor was used for supplemental folic acid (2 instead of 1.7), because supplements in the CCHS 2.2 survey were assumed to be consumed on an empty stomach (24) .
The percent of individuals with usual intakes greater than the UL was estimated for a nutrient if the CCHS 2.2 contained data on intakes for that particular nutrient and if there is an established UL for the nutrient. Both criteria were met for the following nutrients: vitamins A, C, D, B-6, folic acid, and niacin, and the minerals phosphorus, calcium, magnesium, iron, and zinc. The UL for vitamin A and niacin are based on preformed retinol and niacin, respectively, but the CCHS 2.2 does not distinguish between the naturally occurring and preformed forms of these vitamins. Therefore, to estimate the percent of intakes greater than the UL, preformed retinol and niacin in foods were estimated as previously described by Sacco and Tarasuk (31) . Also, because supplements often contain both naturally occurring and preformed vitamin A, we conservatively estimated preformed retinol to comprise two-thirds of the vitamin A found in supplements (66.7%), even though it ranges from 60 to 84% of total supplemental vitamin A.
Estimation of the prevalence of inadequacy and percentage of intakes greater than the UL in supplement users and nonusers. The prevalence of inadequacy and percent of intakes greater than the UL from diet alone were calculated for supplement users and nonusers separately by sex and age group. Among supplement users, the prevalence of inadequacy and intakes greater than the UL were then estimated a second time to include the nutrient contribution from supplements. As recommended by Garriguet (32) , the nutrients from supplements were added to dietary intake before estimating the usual intake distribution as described below. Although there are limitations in combining 24-h recall (dietary intake) and frequency (supplement consumption) data, supplement users were analyzed separately from nonusers (33) .
Statistical analysis. All statistical analyses were performed with SAS software (version 9.2; SAS Institute). SIDE (version 1.11, Department of Statistics and Center for Agricultural and Rural Development, Iowa State University) was used to estimate the participants' usual (long-term) nutrient intakes using the second 24-h recall from 10,570 respondents as others previously described (34) .
The SIDE program was also used to estimate the prevalence of inadequacy among respondents. Non-zero prevalence estimates ,5% are listed simply as ,5% due to the imprecision of prevalence estimates at the tails of the distribution (19) . For these analyses, for the most part, respondents were classified according to the DRI sex and age subgroups.
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To increase sample size, the following groups were merged except where the EAR for a particular nutrient differed: boys 9-13 y and girls 9-13 y; males 19-30 y and males 31-50 y; females 19-30 y and females 31-50 y; males 51-70 y and males $ 71 y; females 51-70 and females $ 71 y. Therefore, because the EAR for vitamin A is different for 9-13 y males and females, the two sexes could not be combined. Similarly, for magnesium, the EAR is different for 19-30 and 31-50 y olds in both males and females, and for calcium, the EAR is different for males 51-70 and $70 y. In these specific cases, the prevalence of inadequacies was estimated separately and these are presented separately in the tables. SIDE was also used to estimate the percent of individuals with usual intakes greater than the UL. We recognize the limitations of using the UL as a strict risk assessment cutoff (35) and therefore merely infer that intakes less than the UL are safe.
Because the sampling design for the CCHS 2.2 was complex and multi-stage, variance estimation for these analyses was calculated using the bootstrap balanced repeated replication technique (24) . Five hundred replicate sample survey weights were generated each by randomly selecting a sample, with replacement, from the original sample and then applying all the performed adjustments to this selected sample. P , 0.05 was considered significant in all analyses.
Results
Prevalence of supplement consumption. The overall prevalence of any supplement consumption (single nutrients, twonutrient combinations, and MVM) in the population was 40%, whereas the prevalence of MVM consumption (defined as a supplement containing $3 vitamins and/or minerals) was 28% ( Table 1) . More than 90% of users in each sex/age group reported consuming only one dosage of a given supplement at a time. The total number of vitamins/minerals per supplement consumed was 5.9 overall and ranged from 4.5 (females . 50 y) to 9.7 (children 4-8 y). Vitamin C was the most commonly consumed nutrient overall (Table 1) , except among females $51 y, among whom supplemental vitamin D (Table 1) and calcium ( Table 2 ) were more commonly consumed than vitamin C (38%). Children 4-8 y had the highest prevalence of supplement and MVM consumption among respondents aged 1-18 y (45 and 42%, respectively) ( Table 1) , and for each individual nutrient consumed as a supplement except magnesium and zinc. Conversely, males 14-18 y had the lowest prevalence of supplement and MVM consumption (23 and 15%, respectively) and for each individual nutrient consumed as a supplement except magnesium and zinc (Table 2 ). Among adults, females $51 y had the highest prevalence of consumption of any supplement (60%), MVM (37%), and for all nutrients except iron ( Table 2) .
Comparison of the prevalence of nutrient inadequacy from diet alone between supplement users and nonusers. Based on the nutrient contribution from dietary intake alone, the prevalence of inadequacy among children 1-13 y was very low for all nutrients except vitamin D and calcium, reaching 85-91% for vitamin D (Tables 3 and 4) . Similarly, among individuals $14 y, the prevalence of inadequacy was consistently high only for vitamins A (29-46%) and D (74-93%), magnesium (23-68%), and calcium (24-86%) ( Tables 5 and 6 ). The prevalence of inadequacy of any nutrient from diet alone was never significantly higher among supplement users than nonusers. In fact, for magnesium among adults $51 y and (1) 24 (1) 31 (1) 24 (1) 24 (1) 23 (1) 24 (1) 23 (1) 23 (1) 24 (1) Males 14-18 y 2397 6.9 (0.4) 23 (2) 15 (1) 14 (1) 21 (1) 15 (1) 14 (1) 14 (1) 14 (1) 14 (1) 14 (1) 14 (1) (1) 18 (1) 25 (1) 19 (1) 19 (1) 19 (1) 19 (1) 19 (1) 19 (1) 19 (1) $51y 4324 5.6 (0.2) 41 (1) 28 (1) 26 (1) 32 (1) 28 (1) 26 (1) 26 (1) 27 (1) 26 (1) 26 (1) (2) 17 (1) 16 (1) 24 (2) 17 (1) 16 (1) 15 (1) 15 (1) 16 (1) 16 (1) 16 (1) (1) 29 (1) 25 (1) 33 (1) 28 (1) 27 (1) 27 (1) 27 (1) 27 (1) 27 (1) 27 (1) $51y 6175 4.5 (0.1) 60 (1) 37 (1) 31 (1) 38 (1) 44 (1) 31 (1) 30 (1) 32 (1) 30 (1) 31 (1) 30 (1) Overall 34,381 5.9 (0.1) 40 (1) 28 (1) 25 (1) 31 (1) 28 (1) 26 (1) 25 (1) 26 (1) 25 (1) 25 (1) vitamin C among females $51 y, the prevalence of inadequacy was significantly lower among supplement users compared to nonusers.
Percent of intakes greater than the UL among supplement users and nonusers based on diet alone. With the exception of vitamin A in children 1-3 y and zinc in children 1-8 y, few individuals (,5%) had nutrient intakes greater than the UL from dietary sources alone (Supplemental Tables 1-4) . Among children 1-3 y, 42% of supplement users and 59% of nonusers were consuming zinc at intakes greater than the UL, whereas 8-9% of users and nonusers had vitamin A intakes greater than the UL. Based on diet alone, the percent of individuals with nutrient intakes greater than the UL did not differ between supplement users and nonusers for any sex/age category.
Effect of supplement consumption on the prevalence of nutrient inadequacy and percent of intakes greater than the UL among supplement users. When supplement consumption was included in the analyses, the prevalence of inadequacy among users approached zero for the majority of nutrients (Tables 3-6 ). However, although there was a significant reduction in the prevalence of vitamin D, magnesium, and calcium inadequacy with supplement consumption, there still remained some inadequacy across all sex/age groups (Tables  3-6 ). For example, 14-36% of individuals $14 y consumed inadequate vitamin D and 25-38% of adults $51 y had inadequate intakes of calcium even though they consumed supplements. As expected, use of supplements led to an increase in the percent of intakes greater than the UL for all nutrients, reaching $10% for at least one sex/age group for folic acid, vitamin A, vitamin C, niacin, zinc, calcium, magnesium, and iron (Supplemental Tables 1 -4 ). For vitamins, the percent of intakes greater than the UL was consistently high for niacin, surpassing 38% in all subgroups of the population and reaching as high as 85% in children 1-3 y (Supplemental Tables 1 and 2 ). For minerals, the percent of intakes greater than the UL was highest for zinc, reaching 76% in children 1-3 y and .37% in children 9-13 y and males 14-18 y (Supplemental Tables 3 and  4) . However, the prevalence of zinc supplement consumption was low among children 1-13 y (2-3%) ( Table 2 ).
Discussion
The results herein suggest that, for most nutrients analyzed, the prevalence of inadequacy in Canada is low and supplement users do not have a higher prevalence of nutrient inadequacy from dietary sources alone compared to nonusers of supplements. In fact, there were instances where supplement users had a lower prevalence of inadequacy than nonusers. These data are consistent with comparisons of adult supplement users and nonusers in the MEC study reported by Murphy et al. (10) where, based on dietary intake alone, there was no difference in nutrient adequacy between the two groups. Similarly, Briefel et al. (36) reported in the FITS that except for vitamin E, the prevalence of nutrient inadequacy from diet alone was low among toddlers 1 Values are percentages (SE). *Less than both ''diet only: nonusers and users'' for that nutrient, P , 0.05. EAR, Estimated Average Requirement; VM, vitamin/mineral. 2 The EAR for vitamin A is different for 9-13 y males and females; hence, the two sexes could not be combined. The first prevalence in each cell represents males 9-13 y and the second represents females 9-13 y. and similar for supplement users and nonusers. Several other reports from the United States indicate that for several nutrients (e.g., vitamin A, folate, and zinc), supplement users have higher mean intakes (13, 14, 16, 17) and lower prevalence of inadequacy than nonusers (15) from diet alone. From dietary intake alone, the percent of Canadians in the present study that had nutrient intakes greater than the UL was negligible (,5%) for all ages for all nutrients except zinc and vitamin A in children. The authors of the FITS analyses also reported that some toddlers consumed zinc and vitamin A at intakes greater than the UL from dietary sources only (36) . Adults ($51 y) in the nationally representative CSFII did not exceed the UL for any nutrient from diet alone (15) , which is consistent with our findings among adults. Similarly, only a small proportion of the MEC adult participants exceeded the UL from diet alone, except for niacin and folate (10) . It is worth noting in our analyses that even though the percent of intakes greater than the UL from diet alone was negligible, it was greater than zero for several nutrients, suggesting that the upper tails of these distributions were approaching the UL.
Prevalence of supplement use (40%) in the CCHS 2.2 was similar to that reported from a national telephone survey in Canada (41%) (7). Our findings are generally similar to those of most analyses of the NHANES for both adults (39-71%) (2,4,21,37) and children (29-43%) (4, 11, 12, 22) , and any differences are likely due to the fact that the NHANES estimate of dietary supplement use includes herbs, botanical, and other types of dietary supplements, whereas the CCHS 2.2 estimate does not (24, 38) .
We found that in the few instances where there was a prevalence of nutrient inadequacy from diet alone (vitamins A and D, magnesium, and calcium), supplement use significantly reduced the prevalence of inadequacy. For example, using the newly released DRI for vitamin D, we found a high prevalence of inadequacy from diet alone among all age/sex groups and a subsequent decline in inadequacy with the inclusion of supplemental vitamin D. Our overall finding of a reduction in prevalence inadequacy with supplement use is similar to that reported for CSFII and MEC respondents However, despite the reduction in inadequacy with supplement use, we found that there still remained a proportion of adolescent and adult supplement users with inadequate intakes for vitamin D, calcium, and magnesium.
In the present analysis, use of supplements led to an increase in the percent of Canadians that had intakes greater than the UL for all nutrients, with substantial proportions of supplement users greater than the UL for folic acid, zinc, magnesium, niacin, vitamin A, and iron. For example, .80% of children 1-3 y taking supplements consumed greater than the UL for vitamin A and niacin. Likewise, in the MEC study, respondents consumed greater than the UL for vitamin A, niacin, folic acid, iron, and zinc from food and supplements (10), and Sebastian et al. (15) showed that supplement use led to excessive intakes of iron and (10) 24 (14) 68 (2) 55 (7) 29* (7) 19 (3) 1 Values are percentages (SE). *Less than ''diet only: nonusers'' for that nutrient, P , 0.05; **less than both ''diet only: nonusers and users'' for that nutrient, P , 0.05; ***less than ''diet only: users'' for the same nutrient, P , 0.05. EAR, Estimated Average Requirement; VM, vitamin/mineral. zinc in older men (.50 y). Food and supplements combined also led to intakes greater than the UL for vitamin A, folic acid, sodium and zinc among toddlers in the FITS (36) . We emphasize here that intakes greater than the UL are considered safe and care must be taken when interpreting risk of intakes greater than the UL (19, 35) , because the body of literature used to derive UL for most nutrients is limited (19, 25) . Furthermore, the UL are based on adverse effects of differing seriousness (19, 25) , and a large proportion of intakes greater than the UL for one nutrient may be of greater concern than that of another nutrient. According to health recommendations, subgroups in the Canadian population are recommended to consume a supplement. In the population we studied (nonpregnant, nonlactating, nonbreast-fed individuals $1 y), this would include folic acid supplements for women of childbearing age for the prevention of neural tube defects (30) and vitamin D and B-12 supplements in adults $51 y for the prevention of osteoporosis and neurologic sequelae, respectively (30,39). We found that 27% of women 19-50 y consumed a folic acid-containing supplement and 28-44% and 27-32% of adults $51 y consumed supplemental vitamins D and B-12, respectively, suggesting low adherence to supplement recommendations. Given the substantial prevalence of inadequacy documented in the present study for vitamins A and D and calcium and magnesium among most age/sex groups in CCHS 2.2, it might be argued that supplements should be recommended as a means to improve intakes for these nutrients. However, given the risk of potential excessive intakes, it would be prudent before such recommendations are made to confirm these dietary results by biochemical measures to verify that specific nutrient deficiencies in fact exist.
The strengths of this study include that it is the first nationally representative analysis, to our knowledge, comparing the prevalence of inadequacy and intakes greater than the UL of supplement users and nonusers in Canada. Furthermore, our study included respondents $1 y, representing the most comprehensive work in the literature in this area. Also, our study is one of the first to report prevalence of inadequacies for vitamin D and calcium, using the updated EAR for these nutrients (40) .
We acknowledge our results likely overstate the extent of nutrient inadequacies in the population and may underestimate the proportion of Canadians with usual intakes greater than the UL due to the underreporting of dietary intake data that has been documented in the CCHS 2.2 (41). In addition, it is has been established that both supplements (42) and fortified foods (43) contain nutrient overages that were not accounted for in these analyses. We previously showed, e.g., that the extra folic acid added to fortified foods above mandated levels significantly reduces the prevalence of folate inadequacy among Canadians (23) . Because the distribution of requirements is not symmetrical for iron, we were unable to use the EAR cut-point method for determining the prevalence of inadequacy for iron. We acknowledge that low iron intakes and iron deficiency can be of concern in women of child-bearing age in Canada (44) . Another limitation associated with this work is that we estimated prevalence of nutrient inadequacy based on dietary and supplement intake data alone and did not investigate clinical measures of deficiency. Although dietary intake is often associated with biochemical measures, this is not always the case. For example, we previously reported that there was a prevalence of dietary folate inadequacy of 33% among Canadian women .50 y (23) . On the other hand, Colapinto et al. (45) , using RBC folate data, reported that there was virtually no folate deficiency among Canada women .50 y.
In sum, using the most recent nationally representative dietary and supplement intake data in Canada, we conclude that for nutrients other than vitamins A and D, calcium, and magnesium, the prevalence of inadequacy from diet alone is low and supplement users compared to nonusers are not at greater risk of inadequacy. However, supplement use led to intakes greater than the UL for several nutrients. Given that inadequacy is likely lower than we estimated and percent of intakes greater than the UL higher, outside scientifically established subgroups at increased risk of deficiency, Canadians should exercise caution with regard to general use of vitamin/ mineral supplements.
